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WESSINGER, W. D. AND R. L. BALSTER. lilt, e/~l~'cts ~l acute and repeated chmidine administration on fixed-interwd 
pelj~rmance in rhesus monkeys. PHARMACOL BIOCHEM BEHAV 23(6) 995-1002, 1985.--The effects of clonidine 
before, during and after 95 days of chronic administration of 100 /xg/kg/day clonidine were investigated in five rhesus 
monkeys which had been trained to lever press under a fixed interval 5-min schedule of food presentation. The effects of 
clonidine (3-100 p,g/kg) were generally to cause dose-related decreases in rates of responding and quarter-life, and increases 
in the line slopes of rate-dependency plots. Before chronic treatment, 200 /zg/kg of clonidine caused somewhat less 
response rate suppression than 100/xg/kg. During chronic treatment, one monkey showed some development of tolerance 
to the rate-suppressant effects and another showed tolerance to the quarter-life effects, but the group as a whole did not 
show evidence of tolerance development to these effects of clonidine. Following cessation of chronic treatment, no overt 
signs of dependence were observed, however, some subjects did show disruption of schedule-controlled performance 
during the first week. In general, however, no consistent evidence for the development of tolerance or dependence to 
clonidine were observed under these dosing conditions. 
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C L O N I D I N E  (2-(2,6-dichlorophenylamino)-2-imidazoline)  
was synthesized by St~ihle in 1962. Like other  imidazolines,  
it has a broad spec t rum of pharmacological  actions.  It was 
originally deve loped  as a nasal decongestant ,  but its 
an t ihyper tens ive  actions soon became  evident  and it was 
marketed in 1966 for this purpose [12]. More  recent ly,  
clonidine has been used as an agent to suppress  or  el iminate 
withdrawal  symptomology  in opiate addicts  [9, 28, 29], and 
thus its acute  and chronic  behavioral  effects  have  become  of 
interest.  

Clonidine has been shown to share several  propert ies  
with opiates including the deve lopment  of  tolerance to its 
effects.  It produces  ant inocicept ion in laboratory animals 
[6, 19, 22, 24] and tolerance to this effect as well as cross-  
to lerance to morphine  has been demons t ra ted  [20]. 
Tolerance  occurs  to the effect of  clonidine on operant  re- 
sponding in rats, and upon discont inuat ion of  repeated ad- 
ministrat ion,  a withdrawal  syndrome similar to opiate with- 
drawal has been observed  [17]. Rhesus  monkeys  self- 
administer ing IV inject ions of  clonidine under  unlimited ac- 
cess  condit ions exhibi ted tolerance to the observed  ptosis 
and sedat ive effects of  the drug, and at 10 /xg/kg/injection 
were  able to self-administer  high doses  averaging 3.6 
mg/kg/day [301. In order  to further character ize  the behav-  

ioral actions of  clonidine and to quantify the deve lopment  of  
tolerance,  the effects of  acute  and chronic  administrat ion of 
clonidine on responding under  a f ixed-interval  (FI) schedule 
in rhesus monkeys  were  evaluated.  A decreased  effect of  
clonidine with chronic daily administrat ion and/or  a shift of 
the dose-effect  curve  for clonidine to the right, fol lowing 
repeated clonidine exposure ,  would be considered ev idence  
for the deve lopment  of  tolerance.  

METHOD 

Animals 

The subjects were  five adult male rhesus monkeys  
(Macaca mtdatta) that weighed be tween  7.2 and 10.6 kg at 
the beginning of  the exper iment .  Four  of  the animals (B002, 
B4115, 4156 and M324) had a history of  FI responding fol- 
lowing acute administrat ion of  drugs, but at least three drug- 
free months  in tervened be tween  studies. The fifth monkey  
(M325) was naive to both behavioral  procedures  and drugs. 
They were  maintained at a constant  weight  throughout  the 
study be adjusted post-session feedings (Purina Monkey  
Chow),  except  M325 who was reduced to 90% free-feeding 
weight  during initial training, then gradually returned to his 
original weight.  The animals were  individually housed in an 
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isolated room in standard primate cages (0 .6x0 .7x0 .8  m). 
Food was supplemented daily with a chewable  mult ivi tamin 
tablet and weekly with fruit. Water  was freely available in 
the home cages,  but not during exper imental  sessions.  

Apparatus 

Exper imenta l  sessions were  conducted  in a separate  room 
in a conver ted  upright refr igerator  shell equipped with a 
vent i la t ion fan which also served to mask room noises. Dur- 
ing exper imenta l  sessions the monkeys  were  seated in a pri- 
mate  chair  and restrained by a waist s tock and shoulder  
rings. When placed in the chamber ,  the monkeys  faced the 
door  upon which were  mounted  a response  lever  with three 
st imulus lights above it, and a food trough. Responses  on the 
lever  resulted in the del ivery  of  two l-g food pellets (Formula  
L,  P. J. Noyes ,  Co. ,  Lancas te r ,  NH)  by an automat ic  pellet 
d ispenser  ( B R S / L V E ,  Beltsvil le,  MD) mounted  outside on 
the door.  Exper imenta l  cont ingencies  were control led by 
solid-state programming equipment  located in an adjacent  
room. Data were  recorded automat ical ly  as response  totals 
for each success ive  mintrte o f  the fixed intervals,  cumulat ive  
ove r  the session,  and as cumulat ive  response  recordings.  

Pro{'edures 

Animals  were  trained to seat themselves  in the primate 
chair  for t ransport  f rom the home cage area  to the experi-  
mental  chamber .  Four  of  the animals had already been 
trained to respond under  a multiple FI 5-rain t ime-out  l-rain 
schedule  of  food presentat ion.  At the beginning of  the ses- 
sion, the st imulus lights were  lit and the first lever  press after 
5 rain resulted in food presentat ion.  If an animal failed to 
respond within 1 min after  the 5-rain FI had elapsed (limited 
hold 1 min) the available food pellets were  forfei ted and the 
schedule  advanced  to the l-rain t imeout ,  during which the 
lights were  ext inguished and responses  had no conse-  
quences .  The session terminated after the tenth t imeout  
componen t  resulting in session durat ions of  be tween  60 and 
70 min. Sessions were usually conducted  5 days per week,  
Monday  through Friday.  

The naive animal,  M325, was trained as the others had 
been previously ,  to seat h imsel f  in the pr imate  chair  for 
t ransport  to the exper imental  area. Fol lowing adaption to 
this procedure  and mild food depr ivat ion he was placed into 
the chamber  and trained to respond on the lever  on a fixed- 
ratio 1 schedule (FR-I )  by success ive  approximat ion.  Af ter  
initiation of  responding for food on an FR-1, the ratio was 
advanced  stepwise to an FR-10. At this point,  the schedule 
was changed to an FI-10 sec with no limited hold and no 
t ime-out  and the interval length was advanced  gradually to 
the final 5-rain schedule (FI-5). Finally, the l-rain t ime-out  
componen t  and l-rain limited hold cont ingency were  added.  
Training cont inued until the quarter-l ife was consis tent ly 
above  0.5 and the cumulat ive  response records  revealed the 
character is t ic  pos i t ive ly-acce lera ted  pattern usually seen in 
FI responding [5]. 

Training for all the subjects cont inued until the baseline 
rate of  responding was stable. The cri teria for stability was 
when overall  response  rates for three consecut ive  sessions 
varied by less than 20%. Fol lowing training, the exper iment  
p roceeded  in three phases.  

Phase I. Determination o./'Acute Drug l~['['ects 

In Phase 1 the acute effects of  doses  of  clonidine and 
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FIG. 1. The effects of saline vehicle (S) and IM clonidine on the 
overall rates of responding under a FI 5-min schedule of food pre- 
sentation are shown for five rhesus monkeys as well as for the 
group. Except for the highest dose (200 ixg/kg), each dose was tested 
twice; closed points {@) were the results from the first dose-effect 
series, open points (5) from the second series. Control data (C} is 
the mean rate of responding {+SD) for the three sessions that pre- 
ceeded the doses of clonidine or vehicle tested during each determi- 
nation. The lower right hand panel shows the combined data for the 
group. Drug and vehicle effects have been expressed as a percentage 
of the control values (U) and averaged for the five monkeys (_+SE). 

vehicle (saline) were examined.  The doses used were 3, 10, 
30, 100 and 200/xg/kg and were administered twice in each 
subject in a counterbalanced sequence  except  that the high 
dose was administered last. Three  days of  stable overall  re- 
sponse rates were required before each dose was adminis- 
tered,  thus drugs were administered no more often than 
twice a week.  Clonidine or vehicle was administered IM just  
prior to the beginning of  the session. 

Phase 2, ('hronic Drug Administratiotl 

Following the determinat ion of  the acute dose-effect  
curves ,  the subjects received 100 /zg/kg clonidine daily, 
seven days a week,  for 95 consecut ive  days. This dose was 
chosen on the basis of  the acute effects  as a dose which 
caused marked,  but not complete ,  suppression of  response 
rates for the group. Operant  sessions occurred immediate ly  
fol lowing drug administrat ion five days a week.  During the 
last three weeks  of  the chronic  phase,  test sessions were 
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FIG. 2. The effects of saline vehicle (S) and IM clonidine on the 
pattern of FI responding as measured by quarter-life are shown for 
five rhesus monkeys as well as for the group. Quarter-life is that 
proportion of the FI which elapsed by the time 25c~ of the total 
responses were emitted. Except fur the highest dose (200 #g/kg), 
each dose was tested twice; closed points (O) were the results from 
the first dose-effect series, open points ( )  from the second series. 
Points where the overall response rate was less than 0.05 responses,; 
sec have been omitted and are not included in the group data. 
Control data (C) is the mean quarter-life (±SD) for the three sessions 
that preceeded the dose of clonidine or vehicle tested during each 
determination. The lower right hand panel shows the combined data 
for the group. Drug and vehicle effects have been expressed as a 
percentage of the control values (~) and averaged for the five mon- 
keys (+SE). 

c o n d u c t e d  on  T u e s d a y s  and Fr idays  using doses  of  c lonidine  
(3, 10, 30, 100 #g/kg)  or  saline admin i s t e r ed  jus t  pr ior  to the  
sess ion  and the ba l ance  of  the 100/zg/kg/day dose  adminis -  
t e red  jus t  a f te r  the  sess ion  to de t e rmine  the dose-ef fec t  cu rve  
for  c lonid ine  dur ing  Phase  2. Data  was co l lec ted  in the  same 
m a n n e r  as before .  

Phase 3. Redetermination q f  A c , t c  I~[t~'cts Folhm'ing 
(Ttronic Treatment 

In Phase  3 ch ron ic  admin i s t r a t i on  of  c lonid ine  was dis- 
con t inued  and  the  ope r an t  sess ions  were  c o n d u c t e d  for  
s even  days  wi thou t  in jec t ions .  Then ,  as soon  as the  s tabi l i ty  
cr i ter ia  was  met ,  dose-ef fec t  c u r v e s  were  d e t e r m i n e d  once  as 
in Phase  1. 

l)rll~,J,Y 

Clonidine hydrochloride (provided by A, E. Jacobson, 
National Institute of Health) was dissolved in physiological 

T A B L E  1 

AVERAGE SLOPE OF RATE-DEPENDENCY LINES AS A FUNCTION 
OF CLONIDINE DOSE 

Vehicle or Clonidine (/xg/kg) 

Saline 3 10 30 100 200 

Average 0.09 0.05 0.03 -0.25 -0.64 0.54 
slope* 

S.E. 0.06 0.07 0.09 0.09 0.08 0.13 
N 10 10 10 10 9 4 

*Values are the averages of two determinations in five subjects 
except for the 200 #g/kg dose where only one determination was 
made. Slopes were not included in the average when the overall 
response rates were less than 0.05 responses/see. 

saline to the  appropr i a t e  c o n c e n t r a t i o n  to give an in ject ion 
vo lume  of  less than  1.0 ml. Physiological  sal ine was used as 
the vehic le  cont ro l  and  was in jected in a vo lume  of  0.1 ml/kg. 
Doses  are e x p r e s s e d  as /zg /kg  and  are ca lcu la ted  on the  basis  
of  the  salt. In jec t ions  were  g iven  IM into the  thigh muscle .  

Data Analyses 

Overal l  ra tes  of  r e spond ing  dur ing  the FI c o m p o n e n t  for 
base l ine  sess ions  and  sess ions  tha t  were  p r eceeded  by 
c lonidine  or vehic le  in ject ions  were  ca lcu la ted  and individual  
and  group  means  and  S E ' s  are p resen ted .  For  rate- 
d e p e n d e n c y  ana lys i s  [14], the FI was d iv ided into five 1-min 
s egmen t s  and the drug  effects  on the  local r e sponse  ra tes  for 
each  segmen t  were  p lo t ted  as a p e r c e n t a g e  of  the  cont ro l  
ra tes  on a logr i thmic scaled o rd ina te  versus  the  r e sponse  rate 
for the  c o r r e s p o n d i n g  segment  dur ing cont ro l  cond i t ions  on a 
Iogri thmic scaled absc i s sa .  Cont ro l  cond i t ions  were  def ined 
as the  overal l  ave rage  rate of  r e spond ing  for  the  th ree  days  
p receed ing  in jec t ions  of  drug or  saline dur ing  each  dose-  
effect  de t e rmina t ion .  Cont ro l  ra tes  and  drug  ra tes  were  de- 
t e rmined  for individual  an imals .  In addi t ion ,  the  s lopes  of  the  
l ines f rom r a t e - d e p e n d e n c y  analys is  ( l inear  regress ion  of  
Iogri thmic t r a n s f o r m e d  data)  are p r e sen t ed  as the  average  of  
the individual  de t e rmina t ions .  The  cumula t ive  r e s p o n s e s  col- 
lected separa te ly  for each  l-rain segment  of  the  F l ' s  were  
used to ca lcu la te  quar ter- l i fe  by l inear  in le rpo la t ion  as the  
p ropor t ion  of  the in terval  e lapsed  before  one -qua r t e r  of the  
total  r e s p o n s e s  in the  in terval  were  made.  

RESULTS 

Phase l, Acute I:i~/~'cts 

The  initial effect  of  c lon id ine  on  r e spond ing  u n d e r  the  FI 
schedu le  was genera l ly  to dec rease  r e sponse  ra tes  in a dose-  
re la ted  m a n n e r  with effects  seen  at doses  as low as 10 tzg/kg 
(Fig. 1). H o w e v e r ,  in one  m o n k e y  (B4115) this  was not  the 
case .  This  m o n k e y  exh ib i t ed  r a the r  large vehic le  effects  and  
drug effects  were  incons i s t en t  (note the di f ferent  r e sponse  to 
30 ~g/kg  in the first and  second  de te rmina t ion) .  Overal l  re- 
s p o n s e  ra te  d e c r e a s e s  were  genera l ly  not  seen  in this  mon-  
key.  in th ree  of  the five m o n k e y s  the  r e s p o n s e  rate was  
g rea te r  at 200 #g /kg  than  at 100 ~tg/kg, poss ib ly  indica t ing  a 
non- l inea r  dose-ef fec t  func t ion  as seen  in the g roup  curve .  
Higher  doses  than  200 ~g/kg were  not tes ted  b e c a u s e  of  se- 
vere  b r a d y c a r d i a  tha t  resul ted  f rom this  dose .  In four  mon- 
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FIG. 3. Rate-dependent effects of 100/~g/kg clonidine in individual 
animals. The change in response rates after drug administration is 
plotted as a function of mean pre-drug control rates during each 
successive min of the FI. Individual symbols and lines represent the 
results in different monkeys where ©=B002; Q=4156; A=M325: 
A=B4115; +=M324. 

keys which would tolerate use of a stethoscope, an informal 
assessment of heart rate was conducted. The normal rate 
was determined to be 146-160 BPM. Following the session 
where 200/xg/kg of clonidine was administered, heart rate 
was reduced to 46-60 BPM. 

The effect of clonidine on the pattern of responding, as 
measured by quarter-life, was also generally to produce dose 
related decreases (Fig. 2). However, as with response rate, 
there were individual differences and the effect on quarter- 
life did not always correlate well with response rate effects. 
For example, monkey M324 had orderly dose-dependent ef- 
fects of clonidine on response rates (Fig. I), yet there were 
no effects of clonidine on quarter-life. On the other hand, the 
effects of clonidine on quarter-life for B4115 was relatively 
dose related yet overall response rates for this monkey were 
not reliably affected by increasing doses of clonidine. Both 
these cases are in contrast to what is seen in monkeys 4156, 
M325 and to some extent B002 where dose-effect relation- 
ships on response rate are closely paralleled by quarter-life 
decrements with increasing doses. Again. as seen with the 
effects of clonidine on response rates, 200 #g/kg caused an 
increase in quarter-life over that seen following the 100/~g/kg 
dose in two (B4115, M325) of the five monkeys, although for 
this measure the average for the group was monotonic de- 
creases in quarter-life. 

Table 1 shows that the slopes of the lines in the rate- 
dependency analyses became more negative with increasing 
doses up to 100/~g/kg. Figure 3 shows the rate-dependency 
plots for the second determination of 100/zg/kg clonidine in 
each subject to illustrate individual differences in these ef- 
fects. Those monkeys which showed dose-related decreases 
in response rate and quarter-life (B002, 4156, M325) also 
revealed rate-dependent effects. The exceptions were B4115 
which showed clear rate-dependent effects which were not 
accompanied by consistent response-rate changes and M324 
who had clear dose-related response rate decreases which 
were not accompanied by linear dose-related rate- 
dependency plots. 
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F IG.  4. Effects of daily injections of  100/~g/kg clonidine on overall 
response rates for five rhesus monkeys as well as for the group. 
Average response rate (~+range) for the five non-drug days preceed- 
ing chronic treatment (BI), for successive 5-day segments of the 
chronic treatment phase, for the first five non-drug days following 
chronic treatment (closed points, B2) and the last five non-drug days 
preceeding redetermination of the dose effect curves after chronic 
treatment (open points, 82) are shown, The lower right hand panel 
shows the combined data for the group where response rates have 
been expressed as a percentage of the prechronic control values (B 1 ) 
and averaged for the five monkeys (_+SE). 

Phase 2, Chronic E[~'cls 

Figure 4 shows the average baseline response rates and 
ranges for the five non-drug days preceeding chronic admin- 
istration of 100 /~g/kg clonidine (B1) and the average re- 
sponse rate and ranges for ten successive five-day segments 
during the chronic phase where 100 /~g/kg clonidine was 
administered just prior to each session. In four of the five 
monkeys (B002, M324, 4156 and M325) the response rates 
were suppressed compared to baseline (B 1) for the duration 
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of  repeated clonidine administrat ion with only M325 showing 
some return toward basel ine rates of  responding.  As was the 
case during initial test ing of  acute  effects,  monkey  B4115 
was not reliably affected by 100 /zg/kg throughout  the 
chronic  regimen,  al though on the first three days  decreases  
to about  3(F~ of control  levels  were  observed ,  and an in- 
creased variability was seen throughout  t rea tment  with this 
dose.  When the average  response  rates for the individual 
animals were  conver ted  to the percentages  of  their  baseline 
rates (B1) and averaged for the group,  the mean response  
rates were  suppressed to 40 to 6(F~ of  control  during Phase 2 
( lower right panel,  Fig. 4) with little ev idence  for substantial  
recovery .  Similarly,  quarter-l ife values were  suppressed ini- 
tially for all subjects (50 to 85% of baseline) and remained so 
ove r  the chronic  t rea tment  phase,  except  for monkey  M324 
(data not shown). Al though his response  rate did not  return 
to control  (Fig. 4), quarter-l ife returned toward baseline ove r  
repeated administrat ion.  

The effects of  the var ious doses  of  clonidine and saline on 
response rates,  assessed towards the end of  repea ted  admin- 
istration are shown in Fig. 5 (solid squares).  There  was little 
ev idence  for a consis tent  change in sensit ivi ty to the acute  
effects  of  clonidine compared  to its initial effects  (shaded 
area). The response  rates determined during repeated  dosing 
were  general ly dose related and within or  close to the origi- 
nal ranges for monkeys  B002, 4156 and M325. For  M324 the 
response rate for saline and the four  doses  of  clonidine tested 
remained low over  the entire dose range, and comparab le  to 
response  rates on the days this subject rece ived  his usual 100 
/.tg/kg dose of  clonidine (cf. Fig. 4). In contrast ,  B4115 (who 
originally showed inconsis tent  dose-rela ted effects) had re- 
sponse rates greater  than the original range for the three 
lower  doses  of  clonidine (3, 10, 30 p~g/kg). The effect of  100 
p,g/kg for M325 (who showed some deve lopment  of  tolerance 
ove r  the period of  chronic  dosing) was much higher  than 
originally determined,  close to the range of  the original saline 
and control  response rates (81% of original control  rate). 

The  effects of  saline and doses  of  clonidine tested during 
repeated administrat ion were conver ted  to a percentage  of  
each individual subjec t ' s  initial control  rates and averaged 
for the group ( lower right panel,  Fig. 5). The effects of  saline 
and doses  of  clonidine determined during repeated adminis- 
tration for the group are close to or  within the range of  two 
standard errors from the mean of  the original effects.  

Phase 3, Postchronic Ef/~'cts 

None  of the monkeys  showed any over t  physical  signs of  
withdrawal  during the week following cessat ion of  chronic  
dosing. The solid points  ove r  B2 in Fig. 4 show the average 
response  rates for the first five non-drug days fol lowing ces- 
sation of  chronic  t rea tment  and the open points  represent  the 
average  response  rates for the last five non-drug days pre- 
ceeding the redeterminat ion  of  acute effects  of  clonidine. 
The  return to baseline levels  was quite variable from subject 
to subject.  One subject  (B002) initially showed a large in- 
crease  in response  rate to greater  than 2.0 responses /sec  
which gradually decl ined to prechronic  levels;  another  
(B4115) initially exhibi ted very low rates (0.2 responses /sec)  
which increased steadily ove r  seven daily sessions to much 
greater  than prechronic  levels  (1.9 responses /sec)  before  
leveling off; M324 and M325 gradually re turned to baseline 
levels  during the first week while response  rates for 4156 
remained at about  half of  the prechronic  rate (0.35 responses/  
sec) for the remainder  of  the e x p e r i m e n t - - n e v e r  returning 
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FIG. 5. The effects of saline vehicle (S) and IM clonidine on overall 
rates of responding determined during the chronic treatment phase 
and after cessation of chronic treatment compared to the initial acute 
effects. Panels show results in five rhesus monkeys as well as com- 
bined data for the group. For the individual subject panels, control 
data (C) is the mean rate of responding for the three sessions that 
preceeded each dose of clonidine or vehicle tested. The shaded 
areas over C are the overall mean control response rates (+_S.D.) for 
the prechronic phase determinations and the solid triangles (A) over 
C are the postchronic mean control response rates (+_S.D.). Shaded 
portions over S (saline) and doses of clonidine are the ranges of 
response rates for the first and second prechronic determinations. 
Solid squares (B) are the effects of saline vehicle (S) and doses of 
clonidine tested during the chronic treatment phase of the experi- 
ment. Solid triangles (A) are the effects of saline and clonidine after 
the chronic treatment phase of the experiment. The lower right hand 
panel shows the combined data for the group. The effects of saline 
vehicle and doses of clonidine for the three phases (prechronic, 
chronic, and postchronic) of the experiment were expressed as a 
percentage of the prechronic control values and averaged for the five 
monkeys. Shaded portions are the prechronic effects of saline iS) 
and doses of clonidine (+2 S.E.'s). Solid squares (111) are the effects 
determined during the chronic phase (_+S.E.) and solid triangles (,t) 
are the effects determined after the chronic phase of the experiment 
(+_S.E.). 
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to prechronic baseline levels. Thus, the group data (lower 
right panel, Fig. 4) shows that recovery of baseline rates of 
responding occurred. 

In general, quarter-life values (data not shown) returned 
to prechronic baseline levels the session following cessation 
of chronic treatment except for M324 whose quarter-life val- 
ues had already returned to prechronic control levels during 
repeated administration. 

Dose-effect determinations for saline and doses of 
clonidine following chronic treatment again yielded variable 
results between subjects (Fig. 5, solid triangles). Control re- 
sponse rates during this phase were within or close to the 
original values of prechronic rates for B002, M324, B4115 
and M325. Control response rates for 4156 remained at about 
50% of initial levels. Responding after saline injections also 
returned to close to initial ranges except in the case of B4115 
(whose original saline response rates were rather suppressed 
compared to control levels), where the new saline response 
rates were now at about control level. The effects of doses of 
clonidine were generally linearly dose-related for B002 and 
M324, as they were originally. Monkey B4115 remained in- 
sensitive to the rate-suppressing effects of clonidine and 
M325 did not show suppression until the highest dose. The 
dose-effect function for 4156 remained as an inverted 
U-shaped function as before, except that 3 and 10 /~g/kg 
clonidine had more marked rate suppressant effects. When 
response rates were expressed as a percentage of the indi- 
viduals' average control rates for Phase 3 and averaged 
across the group, the dose-effect function remained within 
the normal range (_+2 SE) (lower right panel, Fig. 5). Saline 
response rates for the group were elevated due to the contri- 
bution of B4115's increased saline response rate. 

DISCUSSION 

The acute effects of clonidine were generally to cause 
dose-dependent decreases in FI response rates in rhesus 
monkeys. This is in agreement with other published reports 
of the effects of clonidine on schedule-controlled responding 
including FI schedules in rats [8, 10, 11], FR schedules in 
rats [2, 4, 11, 16, 23] and mice [13], differential reinforcement 
of low rate (DRL) schedules in rats [27], and complex 
schedules in pigeons (multiple FI-FI, [13]) and rats (tandem 
VI-FR, [3]). The clonidine doses that suppressed FI re- 
sponse rates in the present study using primates were similar 
to the effective doses in suppressing FI response rates in 
studies using rodents and pigeons. There was considerable 
individual variability in the effects of clonidine in primates 
on response rate, and one subject (B4115) did not show reli- 
able effects on overall response rates. However, this subject 
did show effects in response patterning as measured by 
quarter-life and rate-dependency analysis. 

The acute effects of clonidine on response patterning was 
generally to cause a dose-related decrease in quarter-life, 
however, as with the acute effects of clonidine on response 
rate, there was considerable variability between subjects. 
One subject (M324) did not show effects of clonidine on 
quarter-life, yet clonidine had reliable response rate sup- 
pressant effects on this subject. The effects of clonidine were 
shown to be related to control rates of responding. Rate- 
dependency analysis revealed a linear relationship between 
the log of the effect and the log of the baseline rates during 
different portions of the interval. Harris e ta / .  [11] reported 
rate-dependency data for the effects of clonidine on FI re- 
sponding in rats with similar results. Like the findings re- 

ported here, these rate-dependent effects increased with 
dose, that is, the slopes of the rate-dependency lines became 
increasingly negative with increasing doses of clonidine. 
This evidence for log-linear rate-dependent effects of 
clonidine demonstrate that subtle behavioral effects similar 
to those produced by standard psychoactive drugs [141 can 
be produced by clonidine. 

Previous findings concerning the development of 
tolerance to the effects ofclonidine have been contradictory. 
For example, some authors have reported that tolerance 
does not develop to the hypotensive effects of chronic 
clonidine [25,26] whereas others have reported development 
of varying degress of tolerance to this effect [1,15]. 
Tolerance to the antinociceptive actions of clonidine in rats 
and mice using the tail-withdrawal and tail-flick assays was 
not observed by Fielding e t a / .  [7J and cross-tolerance to 
morphine in mice also was not observed [24]. These studies 
are in contrast to those of Paalzow [20] who used a vocaliza- 
tion threshold to electrical stimulation assay in rats to 
demonstrate both tolerance to clonidine's antinociceptive 
actions and cross-tolerance to morphine in rats given chronic 
clonidine. Tolerance to the behavioral effects of clonidine 
has also been reported. The exploratory behavior of rats in a 
Y-runway was initially suppressed by clonidine; but follow- 
ing seven days of exposure to clonidine via drinking fluids, 
tolerance developed to the extent that exploratory behavior 
was not different from controls [15]. Tolerance to the seda- 
tive effects in rhesus monkeys [30] and humans [181 has also 
been reported. 

Tolerance to the response rate decreasing effects of 
clonidine on scheduled-control behavior was reported to de- 
velop in rats responding under a FR schedule following 14 
days of chronic treatment via drinking water and daily injec- 
tions [17], After 35 days of chronic treatment, these rats 
showed disruption of operant responding for up to seven 
days following cessation of treatment. In contrast are the 
findings reported here on rhesus monkeys working on a F1 
schedule. During 95 consecutive days of chronic treatment 
with cloniding (100/,g/kg) the group showed no consistent 
evidence for the development of tolerance to the response 
rate decreasing effects of clonidine when compared to pre- 
chronic acute effects. However, one monkey IM325) did show 
some tolerance to the response-rate suppressant effects of 
clonidine during the chronic treatment phase, and when the 
dose-effect function was redetermined after chronic treat- 
ment, the response rate decreasing effects of 30, 100 and 200 
/,g/kg clonidine in this subject were less than the initially 
determined effects of these doses. On the other hand, 
quarter-life values for this subject did not improve during the 
chronic treatment phase. Another monkey (M324) showed 
development of tolerance to the quarter-life decreasing ef- 
fects of 100 /,g/kg clonidine during chronic treatment, but 
response rates remained severely depressing during the 
entire phase. Following chronic treatment, the dose-effect 
function for this subject was very close to the originally de- 
termined values. Despite these individual exceptions, the 
group data could not be used to support the finding of 
tolerance development. 

Schuster eta/ .  [21] have postulated that tolerance is more 
likely to occur to those drug effects that interfere with an 
animal's ability to obtain reinforcement. In this respect, the 
FR schedule as utilized by Meyer e ta / .  [17] to demonstrate 
tolerance to clonidine's response rate decreasing effects 
would have been more condusive to the development of 
tolerance than the FI schedule used here. Response rate de- 
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c r e m e n t s  in FR re spond ing  resul t  in a loss in the  n u m b e r  of  
r e in force rs  ob ta ined ,  w h e r e a s  only  one  r e s p o n s e  is neces-  
sary to ob ta in  r e i n f o r c e m e n t  on  the  FI  schedule .  Indeed ,  
r e i n f o r c e m e n t  ra tes  dur ing  ch ron ic  c lonid ine  in the  p re sen t  
s tudy  were  rare ly  be low the  m a x i m u m  of  ten r e i n f o r c e m e n t s  
pe r  sess ion .  In this  con tex t ,  the  lack of  c o n s i s t e n t  t o l e rance  
d e v e l o p m e n t  in ou r  s tudy  sugges ts  tha t  behav io ra l  mech-  
an i sms  may  play an  i m p o r t a n t  role in to l e rance  to c lonidine .  
Direc t  s tudies  of  the  role of  behav io ra l  and  pha rmaco log ica l  
d e t e r m i n a n t s  of  t o l e rance  to the  behav io ra l  ef fects  of  
c lonid ine  in the  same  spec ies  us ing  ident ical  dosage  reg imens  
are n e e d e d  to add re s s  this  hypo thes i s .  

It has  p rev ious ly  b e e n  s h o w n  in rhesus  m o n k e y s  tha t  
chron ic  i n t r avenous ly  se l f -admin i s t e red  c lon id ine  led to 
phys ica l  d e p e n d e n c e  exh ib i t ed  by wi thd rawa l  signs which  
inc luded  facial  f lushing,  excess ive  sc ra tch ing ,  refusal  of  pre- 
fe r red  food,  r e s t l e s sness ,  sa l iva t ion  and  emes i s  [30]. In the  
p re sen t  s tudy,  none  of  the  sub jec t s  exh ib i t ed  ove r t  s igns of  
wi thdrawal  fo l lowing the  cessa t ion  of  ch ron ic  t r ea tmen t .  
Large  d i f fe rences  in daily dose  of  c lonid ine  b e t w e e n  the  two 
s tudies  could  a c c o u n t  for  the d i f ference .  In the self- 
admin i s t r a t i on  s tudy  sub jec t s  rece ived  daily doses  ave rag ing  
as h igh as 3.6 m g / k g / d a y ,  IV, c o m p a r e d  to the  100 
~g /kg /day ,  IM, doses  in the  p re sen t  s tudy.  Also,  in the  ear- 
lier s tudy ,  because  acces s  to c lonid ine  was un l imi ted ,  injec- 
t ions  occu r r ed  t h r o u g h o u t  the  day.  Mult iple  daily in jec t ions  
would be more  likely to resul t  in the  d e v e l o p m e n t  of  depend-  
ence  than  single in jec t ions .  

Some  of  the  sub jec t s  showed  d i s rup t ion  of  schedule-  

con t ro l l ed  p e r f o r m a n c e  dur ing  the  first  week  fo l lowing ces-  
sa t ion  of  ch ron ic  t r e a t m e n t  which  man i fe s t ed  i tself  in differ- 
en t  ways .  Wi th  the  e x c e p t i o n  of  4156, the  o t h e r  sub jec t s  
con t ro l  r e s p o n s e  ra tes  r e t u r n e d  to a b o u t  the  p r e c h r o n i c  level  
wi th in  10 days  of  ce s sa t ion  of  ch ron ic  t r e a t m e n t .  In genera l ,  
quar ter - l i fe  values  were  at  p r ech ron ic  con t ro l  levels  the  ses- 
s ion fol lowing ces sa t ion  of  ch ron ic  t r e a t m e n t  and  did not  
show dis rupt ion .  It should  be  r e m e m b e r e d  tha t  these  sub- 
j e c t s  had  not  r e s p o n d e d  at cont ro l  ra tes  for  o v e r  13 weeks ,  
thus  it may  not  be surpr is ing,  no r  ev idence  of  c a r r y - o v e r  
effects  of  c lonid ine  or c lon id ine  wi thdrawal ,  tha t  r ecove ry  of  
initial base l ine  ra tes  of  r e spond ing  requ i red  severa l  days.  

In conc lus ion ,  c lonidine  at  doses  as low as 10/xg/kg, IM, 
d e c r e a s e d  r e sponse  ra te  in rhesus  m o n k e y s  r e spond ing  
u n d e r  a FI-5 min schedu le  of  food p resen ta t ion .  Effects  on 
r e s p o n s e  pa t t e rn ing  which  were  s imilar  to those  p roduced  by 
many  p s y c h o a c t i v e  drugs  are ev idence  for  subt le  behav io ra l  
effects  of  c lonidine .  Repea ted  t r e a t m e n t  with  100 gg/kg/day  
did not  resul t  in c o n s i s t e n t  t o l e rance  d e v e l o p m e n t ,  a l though  
two of  the  five sub jec t s  s h o w e d  some dec rease  in sens i t iv i ty  
to some of  the  effects .  
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